We consider holographic superconductors in a rotating black string spacetime. In view of the mandatory introduction of the Aϕ component of the vector potential we are left with three equations to be solved. Their solutions show that the effect of the rotating parameter a influences the critical temperature Tc and the conductivity σ in a simple but not trivial way.
I. INTRODUCTION
The use of the AdS/CFT (Anti de Sitter/Conformal Field Theory) correspondence has been recently proposed by Hartnoll, Herzog and Horowitz for the investigation of the strongly correlated condensed matter physics from the gravitational dual [1] . It generally shows that the instability of black strings corresponds to a second-order phase transition from the normal state to a superconductor state with the spontaneous U (1) symmetry breaking and leads to interesting physics in the related lower dimensional physics.
Such a breakthrough result has been widely used more recently to model conductivity and other condensed matter physics properties, in particular, holographic superconductor in various spacetimes [2] . Most authors considered, up to now, the holographic superconductor on a static background. However, we still have room for the other hair, namely angular momentum, on the top of mass and charge. Or, equivalently, we can say that a real black string (or black hole) could have angular momentum in the background. It is thus our goal to study the holographic superconductor related to the 4 dimensional rotating black hole. We consider the simplest uncharged background case and we will use both analytical and numerical methods to find the critical temperature and conductivity of the holographic superconductor related to the rotating black hole background.
The paper is planned as follows. In section II, we introduce the metric of the uncharged rotating black hole and calculate the Hawking radiation and Hawking temperature. Then, the analytical and numerical methods are applied to find the conductivity of such a black hole in sections III and IV respectively. Section V includes a summary and a conclusion.
II. UNCHARGED ROTATING BLACK STRINGS AND HAWKING TEMPERATURE
The simplest uncharged rotating black string in 4 dimensional ADS spacetime is given by [3] 
where f (r) = M and a are the mass and rotation parameters of the black string, while Λ = −3/l 2 is the cosmological constant. Without loss of generality, we set l = 1 and rewrite the function f (r) as 2) where r h is event horizon of the AdS black hole. In this section, we first find the Hawking radiation and temperature of such a black hole solution. A simple and effective method to study the Hawking radiation is the tunneling radiation theory of black holes proposed by Robinson and Wilczek et al [4] . Developing the tunneling theory, the Hamilton-Jacobi method has been proposed to compute the Hawking tunneling rate and Hawking radiation at the horizon of the black hole [5] . We use that method to find the Hawking tunneling radiation and the temperature of the black hole.
Let us consider the semi-classical Hamilton-Jacobi equation [5] 
where µ 0 is the mass of the radiation particle. We shall use a semi classical approximation to find the Hawking radiation and temperature of the Black Hole. In the rotating black string spacetime, we separate the Hamilton-Jacobi equation as 4) where, ω 0 and m 0 are the energy and angular momentum of particles respectively, so that we obtain the radial and angular Hamilton-Jacobi equations as follows,
where λ is a constant. At the event horizon r 0 , we can expand the function f as (2.6) and get
where R + and R − are the radial outgoing and incoming modes respectively [4] . Therefore, the tunneling rate at the event horizon is
while the Hawking temperature is given by [4] 
1+a 2 +a 4 . We thus find that the form of the Hawking temperature is very similar to the temperature of static black hole, while the ̺ in Eq.(2.9) depends on the rotation parameter a. We use the results to analyse the holographic superconductor in the next section.
III. HOLOGRAPHIC SUPERCONDUCTOR MODES AND ANALYTICAL INVESTIGATION
In the rotating black hole spacetime background, the Lagrangian density of the simplest holographic superconductor model with a Maxwell field and a charged complex scalar field is
where F µν = ∂ µ A ν − ∂ ν A µ and Ψ = Ψ(r) since g µν only depends on r. As in the static background spacetime case, A µ = δ t µ Φ(r), but in the rotating black string background, we must set A µ = δ t µ Φ(r) + δ ϕ µ Ω(r) in view of the presence of the g tϕ term.
From the variation of Eq.(3.1), we get three equations. They are
The boundary condition at the horizon requests A µ to be finite. The solutions of above equations at infinity are given by 5) where
In the following, we set L = 1.
Siopsis and Therrien proposed an effective analytic method to calculate the critical temperature of holographic superconductor in static spacetime [6] . We generalize such a method for the rotating black hole case in this section.
According to that procedure, we change the coordinates as z = r 0 /r and the field equations can be rewritten as
At the critical temperature T c , we have Ψ = 0, thus Eqs.(3.7) and (3.8) become
Therefore, we can rewrite above equations as Ω ,z = Ω ,z (Φ ,zz , Φ ,z ) and Φ ,z = Φ ,z (Ω ,zz , Ω ,z ), and then substitute into Eq.(3.9) again, so that the decoupling equations are given by 3.10) and the solutions are
Considering the boundary condition at the horizon, we require Φ| z=1 = Ω| z=1 = 0, so that we may set
where λ = ρ r 2 hc [6] , and r hc is the radius of the horizon at critical temperature. Next, substituting Eq.(3.12) into Eq.(3.9), we findλ = − a 1+a 2 λ. According to the idea of Siopsis and Terrien, we in-
where F | z=0 = 1, and F ,z | z=0 = 0) to match the boundary condition, and substitute Eq.(3.12) into Eq.(3.6), so, finally, Eq.(3.6) becomes the mathematical conclusions about the eigenvalueλ 3.14) and assume a very simple trial function F = F α (z) ≡ 1 − αz 2 . We can thus compute the minimizing value of λ 2 . Then, using the temperature's formula, the critical temperature is given by the expression
where
From above equations, we can get the relation between critical temperature T c andλ which depends on ∆.
In table I we write the results of the analytical method in the rotating black strings spacetime. It is clearly evident that the conclusion is no other than the results of [6] as η = 1 (a = 0), and all the correction depend on η, so we focus on the η.
In Fig.  1 we plot the relationship between η and a. We find that η < 1 as |a| < a 1 where ≈ 0.550251. However, the effect of η leads to an increase of the critical temperature T c as |a| > a 1 .
Further details of holographic superconductor shall be investigated by a numerical method in the next section.
IV. NUMERICAL INVESTIGATION AND CONDUCTIVITY
In this section, we set m 2 = −2, r h = 1, and then use the the shooting method [1] , combining with the boundary condition (3.5) and the main equations (3.2)-(3.4) , to calculate the condensate as a function of temperature. The results are shown in FIG. 2 .
In Fig. 2 , it is easy to find that, as the rotating parameter a increases, the curved line gets lower.
Finally, we study the conductivity. Considering the perturbed Maxwell field dA = A x (r)e −iωt dx, we obtain the equation
The boundary condition at event horizon requires 2) while the behavior of A x in the asymptotic AdS region is
Therefore, we can get the conductivity of the superconductor by using the AdS/CFT dictionary [1] 
We use the above equations to calculate the conductivity in Figs. 3 4 . It can be seen that the effect of a drives both the real and imaginary parts smaller and smaller.
We also plot −ωImσ with small ω, and the results show that −ωImσ with different a go to the same constant as ω goes to 0. This implies superconductivity for zero frequency.
V. CONCLUSIONS
We have considered holographic superconductors in 3+1 dimensional rotating black strings. The investigation shows that the A ϕ = Ω term can be ignored in 3+1 dimensionalstatic spacetime. The effect from rotating parameter a leads both the real and imaginary parts of the conductivity lower. Superconductivity, however, remains.
The spacetime we considered in this paper is the simplest black string spacetime. It might be more meaningful to investigate some more general case, such as KerrNewmann anti-de Sitter as well as higher rotating black strings. On the other hand, the holographic superconductor model with a Maxwell field and a charged complex scalar field (3.1) is the simplest form. Also, we have never consider the backreactions of spacetime. Further study is under way. 
